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Gulf of SuezAbstract Barracudas are commercial group of fishes caught by trawling, purse seine, gill net and
trammel nets in the Gulf of Suez. Samples of Sphyraena chrysotaenia and Sphyraena flavicauda were
collected monthly from Attaka and El Salakhana landing sites during the period from February
2013 to February 2014. The length weight relationship was estimated as W= 0.012 * L2.731,
r2 = 0.915 for S. chrysotaenia and W= 0.011 * L2.730, r2 = 0.959 for S. flavicauda Age determina-
tion based on otolith reading was estimated from 712 specimens of S. chrysotaenia and 83 specimens
of S. flavicauda. Growth analysis revealed that both species are relatively short lived with a maxi-
mum life span of five years for S. chrysotaenia and six years for S. flavicauda. Age group two was the
most predominant in the catch represented by about 50.0% of the individuals of S. chrysotaenia.
For S. flavicauda age groups two and three constituted the bulk of the catch. No differences in
growth rate between the sexes for both studied species were observed and the estimated von
Bertalanffy growth parameters for combined sexes were L1= 29.37 cm, k= 0.48 y
1 and
to = 1.02 years for S. chrysotaenia and L1= 41.21 cm, k= 0.39 y1 and to = 1.143 for
S. flavicauda. The growth performance index was Ø= 2.617 and Ø= 2.822 for both species
respectively.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The family sphyraenidae is a significant component of the
coastal marine ecosystem of the Gulf of Suez. They are caught
in commercial quantities by trawl net, purse seine, gill net andtrammel nets. The average production of barracudas repre-
sented about 2% of the total catch of the Red Sea and the Gulf
of Suez during the last ten years (GAFRD, 2003–2013). Fam-
ily Sphyraenidae contains one genus Sphyraena which includes
twenty-one species (Nelson, 2006), they are pelagic to demersal
fishes, single or in schools. The largest fish is found in the open
sea while the smaller caught near the coast (Carpenter and
Niem, 2001). Barracudas are active predatory fishes found in
tropical and warm temperate waters (Premolatha and
Manojkumar, 1990).sotaenia
6.09.002
2 A. ElGanainy et al.There are 6 species of barracudas reported from the Red
Sea and four species from the Gulf of Suez, Sphyraena chryso-
taenia (Klunzinqer, 1884); Sphyraena flavicauda (Ruppell,
1838); Sphyraena forsteri (Cuvier, 1829) and Sphyraena jello
(Cuvier, 1829) are the most commercial and abundant species
caught from the Gulf of Suez and they are characterized by
small size, elongate body with slightly compressed, pointed
snout and large mouth with strong flattened teeth (De Sylva
and Williams, 1986).
Although barracudas are an important commercial group
of fishes, little is known about the life history and population
dynamics of these predators. There were many studies on age
and growth of species of family Sphyraenidae in the Mediter-
ranean Sea (Taskavak and Bilecenoglu (2001), Allam et al.
(2004), Rim et al. (2009), Ceyhan et al. (2009), Erguden
et al. (2009) and Apostolidis and Stergiou (2014)), but in the
Red Sea sector there were no studies about this family so this
study is the first to evaluate the age and growth parameters,
age length key and length weight relationship of S. chrysotae-
nia and S. flavicauda. This information will help in future man-
agement of barracuda fisheries in the Gulf of Suez.
Material and methods
Random samples of barracudas were collected monthly from
commercial trawlers and from the artisanal fishery in the Gulf
of Suez during the period from February 2013 to February
2014. A total of 3872 specimens were collected; 3743 specimens
were S. chrysotaenia; 83 specimens were S. flavicauda, 36 spec-
imens were S. forsteri and only 10 specimens were S. jello.
Measurements of the total length to the nearest 0.1 cm and
the total and gutted weight to the nearest 0.1 g were taken.
The samples of S. chrysotaenia and S. flavicauda were used
in this study; the other two species were not used because of
their low sample size. To determine the age a subsample of
732 specimens of S. chrysotaenia and the sample of S. flavi-
cauda (83 individuals) were used. The sagittal otoliths were
extracted for age determination. The whole otolith was then
viewed with reflected light against a black background using
a stereo microscope at a magnification of 40 X while immersed
in a clearing fluid of equal volumes of glycerol and alcohol.
The otoliths were read by a researcher then checked by another
one and when there was a disagreement a third measure was
done.96.7
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an arbitrary birth date to construct the age length keys for
both studied species.
The vonBertalanffy growth equationLt = L1(1  ek(tto))
was fitted through a non-linear least squares technique (Prager
et al., 1989); where Lt is the total length (cm) of the fish at time
t; L1 is the theoretical maximum expected total length; k is the
coefficient of growth (rate of destruction material) and to is the
theoretical age at zero length. The empirical equation of Pauly
(1979) was used to estimate the hypothetical age (to) of fish, at
zero length. The growth performance index ; was estimated to
compare growth parameters obtained in the present work with
those reported by other authors, and it was obtained from the
equation (Moreau et al., 1986)
; ¼ logKþ 2 logL1
The length weight relationship was applied as W= aLb
where W is the total weight, L is the total length, and a, b
are constants.
Results
Species composition of barracuda catch
The species composition of the barracuda fishes caught from
the Gulf of Suez comprises four species; S. chrysotaenia, S.
flavicauda, S. forsteri and S. jello. S. chrysotaenia is by far
the most abundant among barracuda fishes in the Gulf of Suez
constituting more than 96% of the catch of barracuda fishes,
S. flavicauda constitutes about 2.1% where the other two spe-
cies, are the least abundant of the barracuda fishes where they
appear occasionally in the catch (Fig. 1). During the course of
this study, it was noticed that S. jello was caught from the
south of the Gulf of Suez only.
Length weight relationship
Total length measurements for S. chrysotaenia ranged from
13.2 cm to 28.4 cm with an average of 20.7 ± 2.4 cm while
the total weight measurements varied from 14.2 to 126.7 g with
an average of 56.2 ± 20.1 g. In case of S. flavicauda the total
length ranged from 16.9 cm to 38.2 cm with an average of
27.3 ± 0.5 cm while the total weight varied from 29.3 to
259.0 g with an average of 98.8 ± 5.5 g.0.9 0.3
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Figure 2 The length weight relationship of S. chrysotaenia and
S. flavicauda from the Gulf of Suez.
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(r2 = 0.915, SEa = 0.079, SEb = 0.032). (b= 2.731; 95%
CI: 2.654–2.843).
W= 0.011 * L2.730 for S. flavicauda.
(r2 = 0.959, SEa = 0.225, SEb = 0.068). (b= 2.730; 95%
CI: 2.594–2.866).
The weight relative to length was negative anallometric for
both species.
Length frequency distribution
The pooled length frequency distribution of S. chrysotaenia
(Fig. 3) showed that the smallest fishes (13–18 cm) younger
than one year old represented by about 29% of the total catch,
and about 50% of the catch is represented in lengths from 19
to 23 cm (nearly the age group two). In case of S. flavicauda,
the pooled length frequency distribution showed that the bulk
of the catch is represented in lengths from 26 cm to 32 cm
(Fig. 4).
Age and growth
The otoliths of 732 specimens S. chrysotaenia were used in age
determination, of which 712 were successfully aged. In case of
S. flavicauda the otoliths of 83 specimens were used, of which
82 could be aged. Alternating hyaline and opaque bands were
observed in the otoliths (Fig. 5). The distance between bands
became smaller from the core towards the outer margin of
the otoliths. One growth increment consisting of one opaque20 21 22 23 24 25 26 27 28
l length cm
S. chrysotaenia from the Gulf of Suez.
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 length (cm)
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Figure 5 Otolith of S. chrysotaenia (left, 5 years old) and S.
flavicauda (right, 4 years old).
4 A. ElGanainy et al.and one hyaline band was formed on an annual basis. Follow-
ing the marginal ring increment indicated that the highest per-
centage of individuals with an annulus at the margin of the
otoliths was found during June and July suggesting annulus
formation in summer.
The maximum life span estimated from age reading was
5 years for S. chrysotaenia and that of S. flavicauda was 6 years.
Age group two was the most predominant in the catch repre-Table 1 Age length key of S. chrysotaenia from the Gulf of Suez.
Age group/length 1 2
13.5 8
14.5 16
15.5 29
16.5 49
17.5 23
18.5
19.5 69
20.5 100
21.5 130
22.5 59
23.5
24.5
25.5
26.5
27.5
28.5
Total 125 358
% 17.56 50.28
Mean 15.85 20.52
Range 13.0–19.0 18.7–22.4
S.D 0.20 0.15
Increment 15.85 4.67
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For S. flavicauda age groups two and three constituted the bulk
of the catch, the age length keys are given in Tables 1 and 2.
For both species the mean estimated lengths at age (Tables
1) indicated rapid growth in length in the 1st year of life then
the rate of growth slows down. The mean lengths at age for all
aged specimens were used for fitting the growth curves (Fig. 6)
and estimating the von Bertalanffy growth parameters. The
resulting VBGF are:
Lt = 29.3 (1  e0.48(t+1.02)) for S. chrysotaenia
Lt = 41.21 (1  e0.39(t+1.14)) for S. flavicauda
The growth performance index (Ø) was estimated as
Ø= 2.617 and Ø= 2.822 for both species respectively.
Growth in weight
The mean weight at age for both studied species was estimated
by applying the length weight relationship to the mean length
at age. The growth rate in weight was much slower during the
first year of life increasing to reach its maximum at the end of
the fifth year of life for S. chrysotaenia (Fig. 7). For S. flavi-
cauda (Fig. 8) the maximum growth in weight was achieved
in the second year of life and it was nearly constant during
the entire life.Discussion
Despite the high abundance of barracuda fishes in the Gulf of
Suez and Red Sea, they are one of the least investigated species
in the region. Thus previous studies on age and growth of these
species are scarce and this is the first documented attempt to
study age and growth of S. chrysotaenia and S. flavicauda in3 4 5
9
55
58
19 18
3 31 2
7 13
3 10
1
144 59 26
20.22 8.29 3.65
22.77 24.92 26.44
21.2–24.6 23.6–27.5 24.6–28.4
0.10 0.12 0.20
2.25 2.15 1.52
. flavicauda –>Age and growth of two barracuda species Sphyraena chrysotaenia
urnal of Aquatic Research (2016), http://dx.doi.org/10.1016/j.ejar.2016.09.002
Table 2 Age length key of S. flavicauda from the Gulf of Suez.
Age group/length 1 2 3 4 5 6
16 1
17 1
18 1
19 1
20
21 1 2
22 2
23 3
24 4 2
25 5 1
26 7 6
27 1
28 1 6
29 2 4 1
30 1 3 2
31 4 1
32 3 2 1
33 2 1
34 2
35 1 1
36 2
37 1 1
38 2
Total 5 28 29 8 6 6
% 6.10 34.15 35.37 9.76 7.32 7.32
Mean 18.6 25.5 28.7 31.7 34.5 36.9
Range 16.9–21.9 21.7–30.1 24.2–32 29.8–33.5 32.2–37.1 35.5–38.2
S.D 2.06 2.21 2.31 1.29 1.65 1.19
Increment 18.6 6.9 3.2 3 2.8 2.4
Figure 6 Length at age of S. chrysotaenia (A) and S. flavicauda
(B) fitted to von Bertalanffy growth curve.
Age and growth of Sphyraena chrysotaenia and S. flavicauda 5the Gulf of Suez as a step for further biological and dynamical
studies on these valuable resources.
Results of the length weight relationship showed that the
growth of weight relative to length was negative allometricPlease cite this article in press as: ElGanainy, A. et al., Sphyraena chrysotaenia and S
and S. flavicauda (Family: Sphyraenidae) from the Gulf of Suez, Egypt. Egyptian Jofor both investigated species and the estimated a and b
constants are similar to those estimated in other areas
(Table 3).
This study showed that the otolith is a reliable hard struc-
ture for the determination of age of S. chrysotaenia and S. flav-
icauda. Alternating hyaline and opaque bands were observed
in the otoliths. One growth increment consisting of one opaque
and one hyaline band was formed on an annual basis. This
observation is similar to that recorded by Allam et al. (2004)
for S. chrysotaenia from the Mediterranean Sea.
The results revealed that the growth of the investigated spe-
cies is relatively slow (K= 0.48 y1 for S. chrysotaenia and
K= 0.39 y1 for S. flavicauda). These results are comparable
to that estimated by Allam et al. (2004), Rim et al. (2009)
and Apostolidis and Stergiou (2014) for S. chrysotaenia from
the Mediterranean Sea (Table 3). The estimated asymptotic
length (L1= 29.37 cm) is in the same range as other estimates
from the Mediterranean. However, our estimates of the growth
parameters from the Gulf of Suez are slightly higher than those
of the others, and this may be due to the fact that the species is
a lessepsian migrant and the recorded maximum length from
its origin (Gulf of Suez) is higher than that recorded in the
Mediterranean. This point of view is confirmed by the growth
performance index estimated in the Gulf of Suez which is
higher than that estimated in the Mediterranean. For S. flavi-
cauda, the only study we could find is that of Allam et al.
(2004) who estimated the growth parameters as L1= 44.58 -
cm and K= 0.28, and these results are in accordance with
our results.. flavicauda –>Age and growth of two barracuda species Sphyraena chrysotaenia
urnal of Aquatic Research (2016), http://dx.doi.org/10.1016/j.ejar.2016.09.002
020
40
60
80
100
120
1 2 3 4 5 6
Gr
ow
th
 in
 w
ei
gh
t
Age years
Growth in weight Increment
Figure 7 Growth in weight and growth increment of S. chrysotaenia from the Gulf of Suez.
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Figure 8 Growth in weight and growth increment of S. flavicauda from the Gulf of Suez.
Table 3 Estimated growth parameters and length weight constants for S. chrysotaenia from different studies.
Area L1 K to Ø a b Source
New Caledonia 26.50 0.012 2.47 Kulbicki et al. (1993)
Eastern Mediterranean 27.10 0.39 1.41 2.46 Allam et al. (2004)
Central Mediterranean (F) 28.55 0.31 1.66 2.40 0.01 2.82 Rim et al. (2009)
Central Mediterranean (M) 26.41 0.37 1.54 2.41 0.01 2.83 Rim et al. (2009)
Eastern Mediterranean 25.00 0.59 1.13 2.56 Apostolidis and Stergiou (2014)
Eastern Mediterranean 0.01 2.63 Taskavak and Bilecenoglu (2001)
Agean Sea 0.01 3.04 Ceyhan et al. (2009)
NE Mediterranean 0.001 3.41 Erguden et al. (2009)
Gulf of Suez (present study) 29.37 0.48 1.02 2.617 0.01 2.73
6 A. ElGanainy et al.In General, results of this study revealed that both investi-
gated species are relatively short lived species with a maximum
life span of five years for S. chrysotaenia and six years for S.
flavicauda. Age group two was the most predominant in the
catch represented by about 50.0% of the individuals of S.
chrysotaenia. For S. flavicauda age groups two and three con-
stituted the bulk of the catch. This means that about half of the
catch composed of individuals caught before they grow large
enough to contribute substantially to the stock biomass; this
is an indicative of growth over-fishing. Thus, the protection
of juveniles is probably the key factor for the sustainability
of the barracuda resources in the Gulf of Suez.Conflict of interest
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